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FOREWORD

Thi3 report contains the results of a study of missile structural
failure/damage data. This study was made to identify major problem
areas and common causes of failure/damage to a-rborne missiles which
should be avoided in future missile design and Fleet deployment. Funding
for this study was provided by the Naval Air Systems Command under Air
Task A03W-03P2/008B/6F32.300-000.

The work presented in this report was conducted during the period
of June 1976 through December 1976. v

The primary sources of failure/damage data were the Fleet Support
Branch of the Fleet Engineering Division at NWC and the Fleet Analysis
Center, NWS, Corona Annex.

This report is released at the working level for information
purposes only.

Ray W. Van Aken, Head
Aeromechanics Division

Systems Development Department
15 February 1977

HWC T 3064, published by Code 3162, 30 copies.
ASAIL.... . ....
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SUMMARY

A study of structural failure/damage data, from various sources,
such as inspection reports, fleet unsatisfactory reports and accident/
incident reports, for air launched missiles was performed to determine

* | major problem areas and common causes for the failure/damage. Missiles
for which failure/damage data were studied are: SIDEWINDER (AIM-9),
SPARROW (AIM-7), SHRIKE (AGm-45), BULLPUP (AIM-12), PHOENIX (AIM-54),
STANDARD ARM (RIM-66, -67) and WALLEYE (AGM-62). The most common causes
of structural failure/damage were found to be careless and negligent
handling, and captive flight environment overstress caused by excessive

: tmotion at moveable control surfaces. Corrosion due to inadequate pack-
aging and storage conditions was also a common cause of damage. Recom-
mendations for investigation and study of these causes of failure/damage
are made.

INTRODUCTION

This report contains the results of a study of missile structural
failure/damage data, made in order to identify major problem areas and
common causes of failure/damage that should be avoided in future missile
design and fleet deployment.

Although data on failures/damage was readily available, the type or
format of the data was varied and was the limiting factor in the study.
The first portion of the study is based on data gathered at NWC and Pt.
Mugu from data files of personnel involved in tile fleet support effort
of the various missiles. This data varied from summaries of failure
damage to informal notes (reference 1-18). Data from these sources was
adequate to provide a basis for categorizing failure/damage by common
cause of failure, but quantitative data was lacking since there was no
means of correlating number of failures and missiles from the varied

data. The major problem encountered with gathering data was that there
is no control point (such as the library) where reports such as refer-
ences 10 and 11 can be found, these reports are disseminated to indi-
viduals, and were kept in their files at their discretion.

The second portion of the study is based on data received from the
Fleet Analysis Center (FLTAC) N.W.S., Corona Annex. Although all data
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on fleet missile problems is collected at FLTAC, it is put into coded
computer data banks, and requires programming a computer code to re-
trieve any particular type of data such as structural failure/damage.

The data from FLTAC provided numerical data based on number of in-
spections reported via the Shore Maintenance Data Collection System
(SMDCS).

DISCUSSION

Data on structural failures and physical damage to missiles compiled
from various sources are listed by missile in Table I. To facilitate
further analysis of the failure/damage data, categorization by source or
cause of failure/damag3 was necessary. Table II shows the data from
Table I listed under four categories of cause of failure/damage. The
four categories for cause of failure/damage chosen were: 1. Corrosion,
2. Handling, 3. Quality Control/Assurance, and 4. Captive Flight Environ-
ment. Although design deficiency may be a cause in some failures, it was
not listed as a separate category, since it may be a factor in each of
the four categories chosen. There may also be some overlap in the cause
of the failures listed, as for instance; undetected damage during han-
dling or storage may cause a failure during captive flight.

Each of the four categories can be broken down further as follows:

CORROSION: Due to packaging, storage conditions, or inadequate
design (improper materials, lack of corrosion protection, etc.)

HANDLING: Improper procedures, personnel error, or inadequate
design for handling.

QUALITY CONTROL/ASSURANCE: Manufacturing, inspection or design
deficiency (excessive tolerances, inadequate or improper specification
of heat treatment, etc.)

CAPTIVE FLIGHT .NVIRONMENT: Overstress, weather, or design
deficiency.

Table III is a summary of failure/damage data of Table I and is
listed by missile, component and category of failure. Due to the varied
sources of data, it was not possible to make a quantitative assessment
of the failures/damage, but it is apparert that the majority of failures
were due to overstress during captive flight and handling.

To obtain a quantitative set ',r data on structural failures/damage
to missiles the Fleet Analysis Center (FLTAC) at Corona Annex, Naval

4
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TABLE 2. Failure/Damage--Grouped by Cause.

Cause of
Failure/Damage Missile Components

Corrosion AIH-9B Rolleron cager
AIM-9C/D . Wings
AIM-9G & AGM-45A Various Components
AGM-45A Wing shaft bearing
AIH-9C/D Coupling rnag screws

Handling AGM-45 Umbilical cables
AIM-9, AIM-7, Domes, radomes

AGM-45
AIM-12B RF antenna
AGH-62 Wing/fin assy.

Quality control/ AIH-9 Bearing seals
quality AIM-9 Rolleron damper assy.
assurance AIM-9 Umbilical breakaway screws assy.

AIM-7 & AIM-12B Weld defects
CIHAPARRAL O-ring

Captive flight AIM-9, AIH-7 Domes
environment AIM-9 Coupling rings, joints, screws

AIM-9 Rolleron cager, rolleron snap ring,
hub-rolleron

AGH-45 Damper assy.
AIM-7 Wing studs, clips, wings
AGH-62 Wing

10
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TABLE 3. Summary of Failure/Damage Data By Missile.

Missile Component Cause & Type of Failure/Damage

AIH-9 Dome Handling & captive flight environment
(rain)--Damage

Joints Captive flight overstress-cracks and
breaking

Rolleron caging Quality control and captive flight
assembly environment--bearing seals, dampers,

snap ring, caging device.
Wings Corrosion
Fins Captive flight--flutter creating

overstress condition on missile
Joints

AIH-7 Radomn & antenna Handling and captive flight damage.
(SPARROW) Wing assy. Captive flight overstress wing studs

and clips broken, loss of wings
during captive and free flight.

ACH-45 Wing damper assy. Quality control and captive flight
(SHRIKE) environment--failed specified test,

leaking after flight.
Wing shaft bearings Corrosion
Umbilical cables Handling damage

ACM-62 Wing/fin assy. Handling--damage
(WALLEYE) Wings-aluminum Cap.tive flight--flutter

AIH-12 Aft warhead joint Quality control mfg.-welded joint
(BULLPUP) failure.

R.F. antenna Handling--damage
connector

11
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Weapons Station, Seal beach, was requested to provide a summary of the
physical defects and number of occurrences reported via Shore Maintenance
Data Collection System (SMDCS) inspection reports for a period of 3 years
(CY '73 - CY '75) for several missiles. Table IV shows the FLTAC data.
The data do not indicate thiz c.r~usp. of failures, but the type of defects/
failures Indicate that the majority occurred during handling and captive
flight. The wing hub or lock damage reported on the AIM-7 (SPARROW)
missile is due to the captive flight environment since it is of the same
type shown in Table 1.

Although corrosion is listed often in Table IV, the number of occur-
rences is insignificant when compared to those that are apparently due to
handling or captive flight.

The summary of defects/failures presented in Table IV counts each
report of a given physical defect, therefore, any defect reportei more
than once from separate inspections at separate locations for the same
occurrence of that defect would result in multiple counts. For this
reason, the number of occurrences reported in Table IV cannot be comn-

-, / pared with any reports that deal with the frequency of occurrence of a
given defect versus the number of times a given defect is reported.

Previous experience by FLTAC indicates that this discrepancy (a
defect on the sane missile reported more -than once). should be less than
5Z of the numbers (defects) reported in Table IV.

Table V provides data that allows the data of Table IV to be eval-
uated in relation to the total number of inspections reported during the
three year time period covered, the number of go inspections (inspections
with no defects), the number of defects reported that have no physical
damage significance, etc.

Specific types of failure/damage are shown as a percentage of num-
ber of inspections in Table VI. Only the top nine failure/damage per-
centages are shown. The SPARROW (AIM-7) wing hub or lock damage exceeds
the next type of damage reported by a factor of 5.

There are a number of dramatic statistics that can be obtained from
the data shown in Table IV and V. For instance, taking a particular type
of defect reported as a percentage of NOGO records with defects shows
that the SPARROW wing hub or lock damage accounts for 33% of damage re-
ported on the SPARROW. Similarly, 19% or approximately 1 of every 5

* defects reported on the SHRIKE missile are radome damage. Damaged domes
-' or radomes account for 4.6Z of all defects reported for th~e missiles in

Table IV.

Requirements for air launched missiles dictate that missile pro-
tuberances, such as control surfaces, be removable and packaged sep-

arately for logistical purposes (ease of packaging, storage and handling).
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TABLE 6. Failure/Damage-Relative to Number of Inspections
for Diffcrent Types of Damage.

I Damaged (num-
Dber reported dam-

Missile Description of Damage Missile Section aged 4 number of
inspection rec-
ords processed)

AIM-7 Overstress damage to Flight control 20.1
(SPARROW) wing hub or lock group

AIM-9 Handling damage to Umbilical 4.2
(SIDEWINDER) umbilical

/

AGM-62 Handling physical Armament section 3.6
(WALLEYE) damage

AIM-9 Corrosion & handling Rocket motor M.
damage such as dents
and cuts to rocket
motor

AGM-45 Handling damage to Guidance 3.1
(SHRIKE) radome

AIH-9 Rubber insert loose, Target detecting 2.9
missing or danaoed device (TDD)
in target detecting
device (TDD)

AIM-9 Excessive corrosion Target detecting 2.3
TDD device (TDD)

AIM-54 Dents, gouges & cuts Fuselage 2.2
(PHOENIX) in fuselage insula-

tion/handling ... ... .

RIM-66, -67 Handling damage to Ordnance 1.5
(STANDARD ARM) ordnance
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There have been and are many problems, as shown by the failure/damage
data, associated with removable (mostly quick-disconnect) control sur-
faces. Every missile has had (or has) an instability, vibration, or
flutter problem, which required costly analysis and fixes in an attempt
to eliminate structural failures/damage. Typical examples of control
surface caused failures are the: AIM-9 (SIDEWINDER) joint failures, due
to Overstress caused by wing flutter, which requires wing locks during
captive flight and the AIM-7E (SPARROW) which has an ongoing problem,
an shown by the number of wing studs and lock damage, although locks
are used to prevent flutter. The locks used on the SPARROW wings are
probably insufficient to prevent vibration caused b-' the free play due
to tolerance build-up at the quick disconnect joint of the wing to shaft.
Recently, the AIM-7F (SPARROW), with a different wing-to-shaft joint than
the -7E model, has required design changes to resolve a flutter problem
during free-flight. The AGM-45 (SHRIKE) missile had costly dampers added
to the control section to prevent flutter of the quick disconnect wings
during captive flight. Another problem with removable components has
been water intrusion and corrosion at the mating joints of the parts.

The number of damaged domes and umbilical connectors during handling
indicates that the protection used is inadequate or has a reverse effect on
handling care, i.e., since a cover should protect a component from dam~age,
it can therefore be subjected to rough and careless handling with the
protection provided.

Table VII shows the number of physical defects as a percentage of
inspections for each missile. The SPARROW missile had the highest per-
centage of defects (37.1%), this does not include the 1,978 physical
defects described in the Appendix. The Appendix is a discussion of per-
tinent background information regarding the structural physical damage
data provided by FLTAC.

CONCLUSIONS

Types of failure/damage vary with time period, missile, type of use
and inspection stations reporting the failure/damage. This conclusion
is illustrated by comparing data of Table I, which were predominantly
reported during the 1967 through 1974 time period and data of Table IV
which is for CY 1973 through 1975. The primary cause of structural
failure/damage of Table I was on the AIM-9 (SIDEWINDER) missile joints,
which eventually was shown to be due to overs tress conditions resulting
from dynamic excursion of the missile caused by fin flutter. This prob-
lem was resolved prior to the 3 year period (1973-1975) reported by
FLTAC, which shows the major damage problem on the SIDEWINDER to be um-
bilical damage. Another example of the shift of type and cause of damage
is the corrosion damage on the AGH-45 (SHRIKE) missile. For CY 1973-1975
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TABLE 7. Proportion of Physical Defects Reported for
Each Missile Relative to Number of Inspection

Records Processed.

Missile Inspection Records Physical Defects (physical defects
Processed Reported inspection

records)

AIM-7 9658 3584* 37.1*
(SPARROW)

AIM-9 86288 20504 23.8
(SIDEWINDER)

AGN-45 21285 3251 15.3
(SHRIKE)

AIM-54 5817 580 10.0
(PHOENIX)

RIM-66, -67 3520 295 8.4
(STANDARD ARM)

AQGM-62 7793 519 6.7
(WALLEYE)

* Does not include the 1,978 reported physical defects described
in the Appendix.
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data reported by FLTAC (Table IV), corrosion damage accounts for less /
than 1% of the missiles inspected, whereas reference 11 shows 17% of
the missiles with corrosion damage for FY 1972. A reason for this
shifting of types and causes of damage is due to the emphasis placed
on a problem area when it becomes acute.

An overall view of the data studied indic.'tes that handling and
overstress conditions (not accounted for in design) during captive
flight are the two major causes of structural failure/damage on air
launched missiles.

The majority of handling failure/damage appear to be caused by care-
lessness and inadequate protection of fragile parts if the missile during
handling.

The majority of overstress conditions during flight have been caused
by free floating, quick disconnect, moveable control surfaces, where the
flutter or vibration of the surfaces causes high load conditions on at-
tachment points and missile joints.

RECOM•ENDATIONS

Since a majority of failures/damage occur during handling of mis-
siles, it is recommended that a strong and ongoing program to eliminate
negligence :.nd carelessness be established. The program recently ini-
tiated by COTNAVAIRSYSCOM and the Fleet units (see Appendix) should be
fully supported. It is also recommended that a review and investigation
of the effectiveness of protective coverings on fragile missile compo-
nents such as domes and umbilical connectors be initiated.

While there is no assurance that nonremovable control surfaces will
not cau-e problems, the problems encountered with quick-disconnect re-
movabld surfaces (failures, damage and cost of fixes versus the logistics

.requirement) should be investigated. Although corrosion problems, due to
inadequate packaging, have subsided in the last few years, there still
appears to be a need for improvement as some corrosion during shipping
and storage is being reported.
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Appendix

DISCUSSION OF PERTINENT BACKGROUND INFORMATION REGARDING
ALM STRUCTURAL/PIIYSICAL DANAGE SUSCEPTIBILITY

1. It has been shown in the past that the vast majority of physical
damage to Air Launch Missiles is detected on units returned to the
Weapon Station from Fleet deployment. A program was recently imple-
mented by COMNAVAIRSYSCOH and the Fleet units to bring about a reduction
in this shipboard handling damage. This program has not yet been in
force long enough for its effort to be reflected in current data. How- /
ever, preliminary indications suggest that a noticeable reduction in
damage resulting from negligent and careless missile handling will
result.

2. In the following, a brief discussion of facts relevant to physical
damage consideration for each of the six Air Launch Hissiles addressed
in this study is presented.

a. PHOENIX (AIM-54)

The PHOENIX missile fuselage, except for the radome, is exter-
nally insulated with sheet cork bonded in place with a film adhesive
and covered with nylon sheet (NOMEX). The function of this insulation
is to provide heat protection for the missile components. By its
nature, this insulation is susceptible to tears, scrapes, etc., and it
is this damage which comprised approximately 25 percent of the PHOENIX
Physical Defect codes considered in this study.

b. SIDEWINDER (AIM-9)

A report of an earlier study included a discussion of SIDEWINDER
visual inspection failure rates for the time period 1972-1974. The sam-
ple analyzed consisted of 7721 visual inspections conducted during the V.
reporting period. These 7721 inspections represent the last inspection
ofaa given GCG during a particular year. Results of these inspections
were used to calculate CCG visual failure rates. The visual failure
raiie represents the proportion of the sample GCGs that were sent to
NAV IREWORKFAC solely on the basia of a visual inspection without a
fol low-on functional test because heavy physical damage prevented test-
Ing on the AN/DSM-78. The overall Visual Inspection Failure Rate was
0.11 (1042/7721). The distribution of defects for the 1042 rejected
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GCGs showed that the three most frequent defect categories (cracked domes,
umbilical screws, and skin damage) account for 61% of the total number of
defeuts.

c. SPARROW (AI?-1-7)

The 1978 "Physical Damage" defects listed for the Flight Control
Group was used for some time to report "AWC-44 Loose" defects until a
unique code was created for that defect. AWC-44 (Air Launch Weapon
Change -44) added an assortment of gaskets, grommets and pressure pads
in the cable tunnel and cable ionnector areas to preclude water intru-
sion into the section. During visual inspection, the integrity of the
adhesive bond between the inside surface of the shell and the gasket
added at the umbilical connector is evaluated. Improper priming of the
metal surface prior to application of the bonding agent can and does
result in an imFroper bond in this area and the resultant "AWC-44 Loce"
defect code being reported. This defect is readily corrected at the
Weapons Stati-- 1thout the need to send the unit to the DOP for repair,
and it does not represent a significant susceptibility to the unit to
physical dar ige.

This is not the case, however, with the "W/ing Hub or Lock Damaged"
defect which was the most frequently reported serious physical defect
for the SPARROW missile.

d. SHRIKE (AGM-45)

The 975 CPD (Control Section Phystua. Damage) defects reported
in enclosure (1) is inflated considerably by the presence of a consider-
able number (in excess of 500) of cases where that code was used, in t'le
absence of a unique code for the purpose, to report screening and repair/
replacement of the Barometric Pressure Switch in the control section.
The remainder of the BPD defect codes covered a wide range of miscella-
neous defects with no single defect prominent.

An earlier FLTAC study addressed the SHIRKE High Failure/Replacement
Items from repair/rework data. The following is a synopsis of that study
as it relates to physical damage.

(1) Guidance Section

An evaluation of the data revealed the following items were
major contributors to the SHRIKE guidance section repair at NARF during
the reporting period 1969-1973: 511 TDD antennas replaced and 359 ra-
domes replaced. Brief descriptions of the test results, replacement
rates, and the reasons for the replacement of each item follows:
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TDD Antennas

A categorization of the reasons the antennas were replaced
revealed that 418 were replaced due to physical damage and corrosion; 61
were missing upon receipt of the guidance section at NARF; 16 failed an
electrical test; and the reasons for the replacement of the remaining 16
antennas were undetermined. There was a total of 706 guidance sections
repaired and 511 antennas replaced for an average replacement rate of
0.72 (511/706). This means that slightly less than one antenna is
replaced per guidance section repaired.

Radomes

The primary reason for the replacement of 348 radomes was
due to physical damage and corrosion which accounted for 97% of all ra-
domes replaced. The remaining 11 guidance sections which required ra-
dome replacement had missing radomes when the guidance sections were
received at NARF. The radome replacement rate for guidance sections
repaired at NARF is determined to be 50.8% (359/706).

(2) Control Section

The subassemblies and parts with the highest number of re-
placements at NARF for SHRIKE control sections resulting from physical
damage dur~.ig the period 1969-1973 were wing shaft bearings and umbili-
cal cable assemblies.

Wing Shaft Bearings

A total of 285 wing shaft bearings were replaced, corrosion
being the sole reason. The cause of corrosion is probably salt water
Intrusion during Fleet deployment. At this time it is not known to what
extent these corroded wing shaft bearings affect missile reliability or
performance.

'I.

Umbilical Cable Assemblies

A total of 169 umbilical cable assemblies were replaced: 83 "
were replaced for physical damage and/or corrosion; 76 were missing; and
the remaining 10 failed an electrical continuity test. The umbilical
cable is a frequently handled item during onloading and downloading op-
erations aboard an aircraft carrier which may explain the high percentage.

c. STANDARD ARM (RIM-66, -67)

There is no background information pertinent to the subject of
Physical Damage available for the STANDARD ARM1.
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e. WALLEYE .(AGM-62)

The Ram Air Turbine (RAT) blade damage (including missing blades)
continues to represent the most significant form of physical damage to the
WALLEYE other than scratches, dents, and other external damage categorized
"Physical Damage." An earlier study showed that RAT blade damage accounted
for over 61 percent of the RATs replaced or repaired at the DOP.
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